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Formation and use of coal combustion residues from three types of power
plants burning Illinois coals
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Abstract

Coal, gsh, and limestone samples from s fluidieed bed corabustion (FBC) plant, 3 pulverizad coal combustion (PC) plant, and a cyclone
(CYC,) plant in Minois weze analyzed to detexmine the combustion bebavior of mineral matter, and to propose beaeficial uses for the power
plant ashes. Pyrite and marcasite in coal were convezted during combustion to glass, hamatite and magnetite, Calcite was cogverted to lime
apd aphydrite. The clay minetals were altered to mullite and plasg. Quarrz was partially altered to glass. Trace claments in coal were partially
mobilized during combustion and, a5 a result, emitted into the atmosphers or adzorbed an fly ash or on bardware oa the coql side of the power
plants. Overall, the mobilities of 15 uace clemsats investigated were lower at the FBC plant (hap at the other plasts. Only F 20d Mo at the
FBC plant, F, Hg, and Se at the PC plunt and Be, F, Hg, and Se at the CYC plant had ayer SO%, of their cqueentrations mobilized. Se and Ge
could be commercially recovered from sqme of the comahustion ashes, The FBC ashes could be used as acid neutralizing agents in agricalture
v mdmuummdmmdmum&hhm,gmmmnhmcm,mdmt The PC and CYC fiy ashes can potentially
be used in the production of cament, concrete, ceramics, and zeolites, The PC and CYC bottorn ashes could be used in stabilized road bases,

N

as frirg ip roof shingles, Mpahpshmn\ﬁdmmm.ﬁzwlﬂggﬁusdmum.Aﬂﬁdmmed
Keywonds: Coal combustioo regiducs; Combustion at power plants; Hlinois eoals; Mineml mater

1. Introduction

Inorganic matter in coal is converted to coal com-
bustion residues (CCRs) at coal-fired power plants.
anycvuymmcduseufcoaldtpmdsmpmm
the amount and variety of its inorganic martter, Inorganic
matter in coal can be-the source of deleterious pollutants
and corrosive elements, but it can also be a source of useful
by-praducts.

Sixreen clemeats in coal (As, Be, C4, Cl, Co, Cr, F,
Hg,Mn.Nx,P Pb, Sb, Se, Th, U) arc among the 189
bazardous air pollutants (HAPs) meutioned in the 1990
Clean Air Act Amendments (CAAA) [1]. Partitioning of
these and other elements among the CCRs and fue gas
is highly variable [2-5] because of the vafiatons in the
types and operational condirons of combusdon units,

" the characierjstics of coal, and the modes of occurzences

of the clements in the coal. Difficultics in obtaining
representative samples, as well as analytical errors,
contribute to the variability of dats on the retenton or
emissiop of potentially toxic elements from the power

* Corvetponding muthor. Tel.: +1-217-244 0836; fox: +1.217-333-2630
E-mail gddress: depair®isge.uinc.edn (. Desmir),

plants. The HAPs provisions of the CAAA presently
focus on municipal incinexators and petrochemical and
metal industrics. A risk analysis by the US Eaviron-
meatal Projegtion Agency “conclyded that, at presemt,
only Hg epission from coal-fired clectrical utilities
requires further jpyestigation [6]. A final regulation on
Hg cmission is expected by the end of 2004,

US utilities annually generate 107 million tons of CCRs,
59% of which is fiy ash (Fig. 1). Beneficial uses of CCRs
include 20il and mine waste treatments, admixnwres in
cement and concrete, making bricks and other ceramic
products, fill materials in civil engineering projects, and
extruction of valuable marerials [8-17]. However, only
about 31% of all the CCR generated in the US is used
commercially (Fig. 1); the remainder is discarded in land-
fills-or in coal mines.

This study ovalusted chemical, mineralogical, and
microscopic characteristics of feed coals and CCRs
from three types of clectrical power plants in Ilinois
to determinc (1) the combustion behavior of mineraly,
(2) the fate of 15 clements (As, Be, Cd, Co, Cr, F, Hg,
Mn, Ni, Pb, P, Sb, Se, Tb, apd U) of environmental concern,
angd (3) the potential economic value of the CCRs from the
power plants,
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Table 4

Concentrations of 15 HAPs, Ge, Zn, and T} in earth’s crust, shales, solb; snd OCRsy, and the -wldmenls fectory for the same clemeats in the CCRs

As .

Ba

-

Co

Cr

P

Min

Hg N P Pb ] -1 Th v Ge 2 Ti

Concentrations (mg/kg)” )

Crusial aversge X 3 02 25 100 54 0.08 950 75 1000 13 02 0.05 12 1.8 15 n 4400
Shale avesge 13 3 03 19 ) 80D 0.18 830 G8 700 r A 1.5 0.5 12 37 20 1w 4400
Soil average 7 0.9 06 9 h1) 300 0.10 ss0 .20 500 19 0.7 04 9 2.7 10 70 3000
FBC — fly ash 6.1 6 25 123 75 5 028 £20 66 567 141 K| 144 5€ 71 13 192 198D
— botrom ash 4 03 0.6 43 a5 44 0.0l a0 4 480 . 48 0.8 0S- L9 4.0 4 13 660
PC —fly ash M 9 49 20 178 67 0.10 468 m 524 49 1.9 74 126 168 14 306 5460
— bowom azh 3 9 0.5 2 136 s 0.008 468 85 262 10 22 22 104 125 20 133 3900
CYC —fly ash 51 14 11.5 242 211 230 073 3 m 42 897 136 433 146 217 200 962 6114
— bottam ssh 12 55 048 02 112 15 0.2 542 70 524 2.7 1.1 2.1 13 111 9 97 4016
Enrickmens factors® ‘

FBC fly ask with 1espect .

1o crast 6.1 20 13 05 08 01 31 0.7 09 06 LY 65 288 0.8 k%] 87 2.3 05
o shale 05 20 82 0.6 08 01 14 017 1.0 08 06 0.9 29 0.5 19 6S 1.6 04
o soll 03 6.7 42 14 14 02 125 11 33 0.7 1.9 35 6 26 13 2.8 0.7
FBC bottam ash with respect )

to crugt 40 02 0 0z 04 01 04 03 02 05 04 4.0 10 0.3 2.2 27 1.0 02
to shale 03 02 0 0.2 04 ol ot 04 02 07 0.2 0.5 1.0 0.2 L1 2.0 0.6 0.1
1o soll 06 [ 1. 10 05 0.6 02 ot 0.6 07 1.0 03 ) B 1.2 0.2 LS5 4.0 1.0 0.2
PC fiy ash with respect
o crust 13 30 15 0.8 18 04 13 0. 10 05 318 4 148 1§ 93 16 a4 12
to shale 26 in 16 1.1 19 oL o0s 0.6 (94 0.7 20 5.3 15 1.t 45 57 26 12 -
to soil 49 10 82 22 32 02 10 0.9 39 1.0 26 1 19 14 62 114 44 i8 -
PC bottor ash with 1espect R . ‘
o crust 3.0 3.0 25 09 14 00 Ot 03 11 0.3 08 11 44 14 69 13 19 09 -
o shale a2 30 1.7 12 15 00 00 0.6 13 0.4 04 .15 44 0.9 34 10 11 08-
to soil 04 10 08 24 25 . 00 01 09 43 05 0s 31 55 1.2 46 20 19 13
CYC fly ash with respece

to crust L 47 58 10 23 04 od 03 23 07 69 €8 866 20 12 18 M4 14
to shale 39 47 N 13 25 a4l 04 2.5 11 316 9.1 87 12 S5 100 80 13
to s0il 72 16 19 27 41 o8 713 0.6 8.7 15 47 19 108 Lé 80 200 4 20
CYC Yottors ash with regpect

lo cqust 12 18 24 08 1.1 00 03 0.6 0.9 0.5 0.2 5.5 42 1.6 6.2 6.0 14 0.9
to shale 0.t 1.8 16 14 12 00 0.1 0.6 1.0 (e} 0.l 1k} 41 09 . 390 45 o8 -09
1o sail 02 6.1 08 22 20 01 02 10 3s 1.0 0.1 1.6 53 13 41 9.0 14 13

* Tho veluss for Barth's coust, shile, and solls were compiled from Swaine [2], Claske and Shoss (3], Drover (44}, Gluskoter et sl (45], aad Krauskopf (46).

' Barichnent factors of goster than 10 ape showw Ip bold.
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